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To investigate a possible basis for the proposed anti-addictive property of ibogaine, the effects of an ibogaine (40 mg/kg i.p.) 
pretreatment on in vivo neurochemical and motor effects induced by cocaine (20 mg/kg i.p.) were studied. Ibogaine. 
administered 19 h earlier, potentiated the increase in extracellular dopamine levels in striatum and nucleus accumbens as well as 
the stimulated motor activity induced by cocaine. Although high doses of cocaine can become aversive by producing an 
anxiogenic reaction, it is unknown whether the potentiation of cocaine’s effects by ibogaine would also cause aversion and lead to 
a decrease in cocaine adiliction. 

Ibogaine; Cocaine; Dopamine; Nucleus accumbens; Striatum; Microdialysis; Locomotor activity 


1. Introduction 

Two US patents (patent numbers: 4,499,096 and 
4,587,243), describing the potential efficacy of an in- 

dolalkylamine, ibogaine, in treating opiate and stimu¬ 
lant addiction, have led to several studies investigating 
the possible basis for these claims. It has been reported 
that, in rats, ibogaine decreases i.v. morphine self-ad¬ 
ministration (Glick et al., 1991) and blocks the increase 
in limbic and striatal dopamine (DA) release, as well 
as, the increase in motor acTiviiy, induced by a low 
dose (5 mg/kg i.p.) of morphine (Maisonneuve et al., 
1991). In addition, it has been recently determined that 
ibogaine potentiates the DA release and the motor 
activity induced by 1.25 mg/kg of d-amphetamine 
(Maisonneuve et al., in press). 

Since the rewarding effects of drug of abuse have 
been associated with their ability to increase DA re¬ 
lease, especially in the nucleus accumbens (Di Chiara 
and Imperalo, 1988), we explored, in the present study, 
whether ibogaine could alter dopaminergic responses 
to cocaine. By blocking the DA uptake process, co¬ 
caine increases synaptic concentrations of DA (Heik- 
kila ct al., 1975) and this might increase locomotor 
activity (Kuzeenski, 1983). 


Correspoiiclence Co: I.M. Maisonneuve, Department of Pharmacol¬ 
ogy and Toxicology (A-1.36), Albany Medical College. 47 New Scot¬ 
land Avenue, Albany, NY 12208, U.S.A. Tel. 1.518,445 5801, fax 
1.518.445 5799. 


Using microdialysis in freely moving animals, we 
studied the time course of extracellular DA after i.p. 
injection of cocaine (20 mg/kg) in rats pretreated with 
ibogaine (40 mg/kg i.p.) or saline. Dialysis samples 

were taken from the striatum and nucleus accumbens. 
In addition, the effects of ibogaine pretreatment on 
motor activity elicited by cocaine were determined 
across a wide range of cocaine doses (5-40 mg/kg) in 
non-dialyzed rats. 


2. Materials and methods 

2.1. Drugs 

Ibogaine HCl and cocaine HCl, obtained from Sigma 
Chemical Co, were dissolved in water and saline re¬ 
spectively and were injected i.p. in doses expressed as 
the salt. 

2.2. Microdialysis procedures 

Female Sprague-Dawley rats were implanted stereo- 
taxically with two guide cannulas, one over the nucleus 
accumbens and the other over the striatum so that, 
when inserted, the tips of the dialysis probes were 
located in the nucleus accumbens (rostral-b 1.6 mm 
from bregma, lateral + 1.5 mm, ventral —8.6 mm from 
the skull surface) and in the striatum (rostral -±0.5 
mm, lateral ±2.9 mm and ventral -7.0 mm) (Paxinos 
and Watson Atlas). At least three days after surgery, 
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the rats were injeeled i.p. witli saline (2 nil/kg) or 
ibogaine (40 ing/kg) and then placed in a dialysis 
eliaiiiber where ealibrateil probes (3 mm probes; 
ItAS/CMerl M1'-53P3) were lowered into the guitle 
eannulas, 'I’he dialysis probes were continuously per¬ 
fused with a solution containing (mM) 146 NaCI, 2.7 
KCl, 1.2 CaClj, 1.0 mM MgCl 2 and 0.05 ascorbic acid 

at a flow rate of 1 ^1/min. On the next morning, the 
dialysis experiment was carried out on a freely moving 
animal, 'rwenty-minute fractions were collected in vials 
containing 2 /al of 5 N perchloric acid solution (con¬ 
taining 5 mg/1 ED I'A and 5 mg/1 sodium nictabisul- 
fite). Four ba.seline samples were taken before i.p. 
injection of cocaine (20 mg/kg). The effects of cocaine 
were then monitored for 3 h. The interval between 
saline or ibogaine pretreatment and cocaine adminis¬ 
tration was 19 h. Perfusate samples were analyzed by 
HPLC with electrochemical detection; the HPLC con¬ 
sisted of a Waters pump (model 510), a WISP autosam¬ 
pler (model 712), an ESA CA-80 column and a Waters 
electrochemical detector (model 464). The mobile 
phase consisted of 6.9 g/1 sodium monobasic phos¬ 
phate, 250 mg/I heptane sulfonic acid, 80 mg/I dis- 
odiiim ED PA, 50 ml/1 methanol, was adjusted with 
MCI to pM 3.6 and was pumped at a rate of 1.2 
ml/min. 

2.J. Motor activity monitoring 

Locomotor activity was assessed in photocell activity 
cages. Interruptions of any of the infrared photocells 
were recorded by an Apple He computer. Non-di- 
alyzcd rats were prclrcatcd with saline (2 ml/kg) or 
ibogaine (40 mg/kg) 19 h before the administration of 
saline (1 ml/kg) or cocaine (5-40 mg/kg). Immedi¬ 
ately after the cocaine injection rats were placed in 
activity cages and locomotion was measured for 2 h. 

2.4. Statistical analy.sis 

Repeated measure analyses of variance were done 
on the chemical data, expressed as percents of the 
respective mean basal values, and on the behavioral, 
non-transformed, data. Post-hoc analyses were carried 
out using Newman-Keuls multiple comparison tests. 
T-tests were performed to evaluate any differences 
between basal levels. 


3. Results 

I. Effects of cocaine on DA and its metabolites 

Injection of cocaine (20 mg/kg) in control rats led 
to an immediate increase in extracellular dopamine 
(fig. I) (time effect, P < 0.0001) that peaked during the 




minutes 
Saline prelreatment 
■I Ibogaine pretreatment 

Fig. 1. Time course of extracellular DA in the nucleus accunibens 
(top panel) and in the striatum (bottom panel) before and after 
administration of cocaine (21) mg/kg i.p.) in rats pretreated with 
saline (n = 6) or ibogaine (40 mg/kg i.p.. n = 6) lb h earlier. Samples 
were collected at 20-min intervals. Data are expressed as a percent 
of baseline values (+ S.E.). * P < O.lkS as compared to saline pre- 
treatment at the same time. 


second sampling period and remained elevated up to 
100 min postinjection (P < 0.05). The response to co¬ 
caine was not different in the two regions studied. 
3,4-Dihydroxyphenylacetic (DOPAC) values (data not 
shown) decreased from 20 min to the end of the 
experiment (P<().()()()2), reaching a value of about 
70% of basal levels. Homovanillic acid (HVA) values 
(data not shown) also decreased during the same pe¬ 
riod (20-180 min, P < 0.005), reaching a value of 78% 
of basal levels. 

3.2. Effects of ibogaine on DA and metabolite changes 
induced by cocaine 

In both regions ibogaine pretreatment (40 mg/kg 
i.p.) had no significant effects on basal DA, DOPAC or 
HVA levels, although all values tended to be lower. 
Estimated extracellular basal levels, in saline versus 
ibogaine-pretreated groups were as follows: in nucleus 
accumbens, DA 10.02 + 1.45 versus 7.81-+0.36 nM, 
DOPAC 4.46 ± 0.48 versus 3.67 ± 0.61 HVA 2.03 
±0.24 versus 1.70 + 0.21 /xM; and in striatum, DA 
14.49+ 1.9 versus 13.84 ± 1.76 nM, DOPAC 5.27 ± 0.85 
versus 4.49 + 0.70 and HVA 3.55 + 0.72 versus 
2.86 + 0.37 ;uM. These levels, corrected for probe re¬ 
covery, were based on four basal samples taken at 
about 16-17 h after probe insertion and prior to co¬ 
caine administration. 

Administration of ibogaine 19 h prior to a cocaine 
challenge potentiated the rise in extracellular DA in 
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Fig. 2. FilTecIs of a saline or ibogaine prclieatment (40 mg/kg i.p.) 
on the motor effects induced by several doses of cocaine (5-40 
mg/kg i p.). Cocaine was administered at time zero and the pretreat¬ 
ments 10 h earlier. I'acli point represents the average activity counts 
(±S.F..) of sis rats (II rats for 20 mg/kg) for a periorl of I h. 
* 1’ < 0.05 as compared to saline pretrealment at the same time. 


butli regions dig. 1), but tliis cllcct was not as pro- 
nouncetl in the striatum (pretreatment x region X time 
P<().()1). While this potentiation was present in the 
nueleus acciimbens from 40 to 120 min (P<0.01), it 
lasted only from 40 to 60 min in the striatum (P < 0.01). 
Ibogaine pretreatment had no significant effects on 
cocaine-induceci decreases in DOPAC and HVA levels 
(data not shown). 

J..I Effect of ibogaine on behai ioral response to cocaine 

Statistical analysis showed that the only significant 
effect of ibogaine pretreatment (fig. 2) was for the 20 
mg/kg dose of cocaine during the second hour (P < 
0 . 0002 ). 


4. Discussion 

In this study, cocaine induced an immediate in¬ 
crease in extracellular DA levels in nucleus accumbens 
and striatum. By inhibiting the uptake of DA (I leikkila 
et al., 1075), the primary means of inactivation of 
extracellular DA, cocaine causes an accumulation of 
basal DA outllow. The moderate decreases in DA 
metabolites inducetl by cocaine confirms that the spon- 

taneotis cxocilotic DA release contributes modestly to 
the fortntilion of DOPAC and HVA (Zettcrstidm et 
al., 10S8). In contrast to the findings of Di Chiara and 
linpertito (1088), the magnitude of cocaine response 
was sitnilar iti the nucleits accutnbens atid striatum. 
Sampling of different subregions, as well as the use of 
different types of probes (Iratisversal versus concentric), 
might possibly explain this divergence. 
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Prelreiilinent with ibogaine potentiated the ineretise 
in extracellular DA levels induced by cocaine in the 
nucleus accumbens and to a lesser extent in the stria¬ 
tum. This phenomenon occurred when ibogaine should 
have no longer been present in the body (half-life = 1 h 
in rodents, Dhahir, 1071). It is possible that ibogaine 
administration results in the formation of an active 
metabolite with a long half-life and/or that a persis¬ 
tent change in neuronal activity occurs. 

Ibogaine, or an active metabolite, could potentiate 
cocaine’s effects by increasing brain cocaine levels (e.g. 
interfering with its metabolism or its bound fraction). 
However, this possibility seems unlikely since the mag¬ 
nitude of the potentiation was not the same in the two 
regions studied. A more plausible explanation may 
involve an element that differs in these two regions. 
Although controversial, there arc reports suggesting 
that DA uptake sites in the striatum and in the nucleus 
accumbens are dissimilar (Missale et al., 1985; Lew et 
al., 1991). It is unclear how ibogaine administration 
would lead 19 h later to a potentiation of the DA 
uptake blockaile induced by cocaine. Ibogaine, as a 
potential weak Na ' channel agonist (Deeehcr et al., in 
press), could induce a carrier-mediated DA release, 
but cocaine, as a local anesthetic, would block the 
necessary inward Na’^ movement. In addition, since 
ibogaine pretreatment did not potentiate the eocaine- 

induced decrease in DA metabolites, a vesicular origin 

of the excess extracellular DA is likely. 

Although somewhat different in the time course, 
motor effects of 20 mg/kg cocaine were also enhanced. 
The lack of behavioral potentiation during the first 
hour after cocaine administration could be due to a 
combination of factors. Ibogaine pretreatment, by it¬ 
self, produces some motor inhibition during the first 
hour after its administration (Maisonneuve et al., in 
press) and this could have masked a potentiation of 
cocaine’s stimulatory effects. In addition, it is logical to 
infer that behavioral potentiation should have followed 
neurochemical enhancement, which began 40 min after 
cocaine injection, and it is possible that 20 min of 
enhancement may have been ‘lost’ in the 6()-min pe¬ 
riod. It is also unclear why only the locomotor effect 
induced by 20 mg/kg of cocaine was potentiated by 
ibogaine. 'i'his selectivity was so surprising that we 
repeated the 20 mg/kg experiment: the same result 
occurred. The incrca.se in motor activity induced by a 
dose of 40 mg/kg of cocaine is a combination of 
increased locomotion and stereotypy, and stereotypy 
can actually reduce photocell activity counts (Glick, 
1972). Perhaps ibogaine did indeed potentiate the ef¬ 
fect of the 40 mg/kg dose of cocaine but this might 
have resulted in increased stereotypic behavior as well 
and consequently lower activity counts. 

'I’he mesolimbic and mesocortical DA systems are 
thought to mediate the potent rewarding effects and 




abuse potential of cocaine (Wise and Bozarth, 1987). 
Our results suggest that ibogaine may increase the 
reinforcing efficacy of cocaine. However, it has been 
reported that high doses of cocaine can become aver¬ 
sive by producing an anxiogenic reaction (e.g. Cohen, 
1975). Whether the potentiation of cocaine’s effects by 
ibogaine can cause aversion, and a subsequent de¬ 
crease in cocaine addiction, is unknown. 
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